Intestinal immunity differs from systemic immunity in several aspects and is frequently studied separately. In this work we have analysed the frequency of mononuclear cells spontaneously secreting the cytokines IL-2, IL-4, IL-5, IL-6, IL-10, interferon gamma (IFN-) and tumour necrosis factor (TNF-), in Peyer's patches and lamina propria of small intestine in mice by enzyme linked immunosorbent spot (ELISPOT) during 1 month after weaning. We have found a high percentage of spontaneous Th 1 as well as Th 2 cytokine-secreting lymphocytes in both populations, Peyer's patches and lamina propria. An increase in the number of the lymphocytes secreting most of the studied cytokines, at 1 and 2 weeks after weaning, was also observed. These results suggest that the increase in the number of cytokine secreting lymphocytes may be one of the potential mechanisms involved in the development of the intestinal immune system at weaning.
1
Intestinal immunity differs from systemic immunity in several aspects and is frequently studied separately. In this work we have analysed the frequency of mononuclear cells spontaneously secreting the cytokines IL-2, IL-4, IL-5, IL-6, IL-10, interferon gamma (IFN-) and tumour necrosis factor (TNF-), in Peyer's patches and lamina propria of small intestine in mice by enzyme linked immunosorbent spot (ELISPOT) during 1 month after weaning. We have found a high percentage of spontaneous Th 1 as well as Th 2 cytokine-secreting lymphocytes in both populations, Peyer's patches and lamina propria. An increase in the number of the lymphocytes secreting most of the studied cytokines, at 1 and 2 weeks after weaning, was also observed. These results suggest that the increase in the number of cytokine secreting lymphocytes may be one of the potential mechanisms involved in the development of the intestinal immune system at weaning.
Academic Press
The lymphocytes lining the gut are able to defend the organism against bacterial infection and participate in the development of oral tolerance to food antigen. 1 The lamina propria lymphocytes (LPL) are phenotypically similar to peripheral blood lymphocytes (PBL) 2 and functionally the intestinal lamina propria is a major mucosal effector site. The B-lineage cells represent 20-40% of LPL but there are also a substantial number of T cells (nearly 50%). 3 The Peyer's patches are germinative centres and their predominant role is to co-operate in the differentiation of B cells towards IgA-producing cells. 4 In this process T cells, predominately CD4 + , are involved. 5 In the gut, there is a wide spectrum of processes for which cytokines play a relevant role; among the total pool of intestinal cytokines, IL-2, IL5, and IL-6 have been shown to promote the maturation of murine IgA-expressing cells to IgA-secreting cells. Thus, cytokines from Th 1 and Th 2 populations influence the differentiation of murine IgA-expressing cells. 6 Since cytokines are involved in processes of cell maturation, there should probably be a high production and secretion of cytokines during the first stage of life in maturing and differentiating organs such as the small intestine.
The aim of this study has been to assess the number of IL-2, IL-4 , IL-5, IL-6, IL-10, IFN-and TNF-secreting cells in Peyer's patch lymphocytes (PPL) and LPL of mice for one month after weaning. We have found high proportion of cytokine-secreting cells in both LPL and PPL of weanling mice, suggesting that other cells, different than CD4 + cells, may be involved in the process of cytokine secretion at the intestine. Table 1 shows the mean percentages for IL-2-, IL-4-, IL-5-, IL-6-, IL-10-, IFN-and TNF--secreting lymphocytes in LPL and PPL of mice on days 3, 7, 14 and 30 after weaning. Both populations, LPL and PPL, showed a very similar behaviour regarding the secreted cytokine profile. The number of cytokine-secreting lymphocytes was relatively higher, except for IL-4 and TNF-. For most of the cytokines the percentage of secreting-cells was significantly higher between the days 7 and 14 compared with day 3, IFN-being the cytokine with the strongest increase in both populations (LPL and PPL). After this peak, for almost all the cytokines the percentages of secreting lymphocytes decreased, being either significantly lower or equal than the percentages on day 3, except for IL-2 and IL-10 in PPL, for which they were significantly higher on day 30 respect to day 3. Figures 1 and 2 show Th 1 (secreting IL-2 or IFN-) and Th 2 (secreting IL-5 or IL-6) lymphocytes in both populations, PPL and LPL, respectively. Th 1 and Th 2 cells exhibited a highly similar pattern in Peyer's patches as well as in lamina propria. There was a strong increase of the cytokine-producing cells at days 7 and 14 respect to day 3 in both profiles. However, on the following days, the values were decreased reaching percentages similar to day 3 or even significantly lower (Th 1 profile in LPL)
RESULTS

DISCUSSION
One of the most important results we have found is the high number of spontaneous cytokine producing intestinal lymphocytes in mice at early weaning. In other lymphoid organs different from the intestine, the percentage of lymphocytes producing cytokines is usually very low. 7 However, in LPL, as well as PPL, we have found a high percentage of resting cytokine-producing lymphocytes. These results agree with those obtained by other authors which showed a high percentage of intestinal cytokine producing cells in normal mice 8 and humans. 8, 9 Our results suggest that in addition to CD4 + T lymphocytes, other intestinal lymphocytes are able to produce cytokines, although their potential functional implication are not well known. The production of cytokines by human 10 and murine 11 blood CD8 + T lymphocytes has been previously described, demonstrating that both MHC class I-and class II-restricted T cells has the potential to regulate immune responses by secreting the same lymphokines. Likewise, Taguchi et al., 12 have demonstrated that, in terms of cytokine production, CD8 + TCR-cells have subsets similar to those described for CD4 + Th cells. Our results in Peyer's patches are very similar to those observed in lamina propria lymphocytes. Likewise, in Peyer's patches as well as in lamina propria we could observe a generalized increase of cytokine producing lymphocytes (IL-2, IL-5, IL-6, IL-10 and IFN-) around 7 to 14 days after weaning. These results suggest that the stimulation by food antigens may induce a high production of cytokines by intestinal lymphocytes, which could be involved in the process of maturation and differentiation of the immune system at Peyer's patches and lamina propria.
Another remarkable aspect of our results is that the cytokine profile observed in lamina propria and Peyer's patches is not characteristic of Th 1 or Th 2 cells, but of a mixture of them. Taking into account that the main process in the maturation of the intestinal immune system is the generation of IgA-producing B cells, both kind of cytokines (secreted by Th 1 and Th 2 subsets) might be involved in the promotion of that physiological process, according to our results and those obtained by other authors. 6, 13 In conclusion, the high production of cytokines by intestinal lymphocytes could be one of the mechanisms involved in the maturation and differentiation of the intestinal immune system at weaning.
MATERIAL AND METHODS
BALB/c male mice (four weeks old) were purchased from Iffa Credo, (France). Once mice arrived they were weighed and housed under normal conditions Mice were sacrificed at 3, 7, 14 and 30 days after the beginning of the experiment. The isolation of intestinal lamina propria lymphocytes and Peyer's patches lymphocytes was made following the procedure of Gautreaux et al.
14 The ELISPOT assay was carried out basically as described by Fujihashi et al. 15 This method is designed to detect specific cytokine-secreting cells at a single level. In this work we have tested the frequency of IL-2-, IL-4-, IL-5-, IL-6-, IL-10-, IFN-and TNF--producing lymphocytes in LPL and PPL. The results were statistically analysed as follows: results were expressed as mean percentages standard deviation. The homogeneity of variances was tested by Levene's test and one-way Anova. The Bonferroni test was used to evaluate significant differences (P<0.05) between 3, 7, 14 and 30 days. All test were performed using the PC90 version of 7D BMDP programme (BMDP PC 90 version, Statistical Software, Inc, Los Angeles, CA, USA). Intestinal cytokines at weaning / 1269
